Thermal stimulation is a feedback channel that has the potential to influence the emotional response of people to media such as images. While previous work has demonstrated that thermal stimuli might have an effect on the emotional perception of images, little is understood about the exact emotional responses different thermal properties and presentation techniques can elicit towards images. This paper presents two user studies that investigate the effect thermal stimuli parameters (e.g. intensity) and timing of thermal stimuli presentation have on the emotional perception of images. We found that thermal stimulation increased valence and arousal in images with low valence and neutral to low arousal. Thermal augmentation of images also reduced valence and arousal in high valence and arousal images. We discovered that depending on when thermal augmentation is presented, it can either be used to create anticipation or enhance the inherent emotion an image is capable of evoking.
INTRODUCTION
Images have been shown to have the ability to elicit emotions in people when viewed on electronic devices [20] . Images consist of different properties (e.g. colours, texture etc.) and content, which contribute to the kind of emotions they are able to evoke. Just looking at the image of someone visibly experiencing cold has been shown to be enough to drop the body temperature of the viewer, this process is referred to as 'temperature contagion' [6] .
Thermal stimulation is a feedback channel that has also been shown to have the ability to evoke emotions in people. Thermal stimuli is a rich and emotive feedback channel which has been demonstrated to be able to evoke emotions in humans when presented on its own, and when used to augment media [10, 22, 25] . Some previous work investigating the affective nature of thermal has studied this effect in isolation [25, 32] . While other studies have examined the effect thermal stimuli have on media in general [1, 10, 21, 22] , these investigations have been limited to handpicked images from specific emotion categories. The findings and results reported in previous work [10, 21, 22] provide valuable information as to the potential of thermal stimuli for affective interaction. These papers also act as a good starting point from which more work can be conducted to fully investigate and determine how these affective properties can be harnessed for use in the design of interactive affective interfaces. In this paper we present two user studies that took a broad approach to examining the effect different thermal stimuli parameters (e.g. intensity, rate of change) and presentation techniques have on the emotional perception of images. Images investigated were chosen from different emotion categories (e.g. high arousal/high valence), and rated using affective rating scales.
Overall the objective of the two user studies was to answer the following research questions: RQ1: Which thermal stimuli parameter(s) can be used to increase emotional ratings in various picture emotion categories? (Investigated in studies 1 and 2) RQ2: Which thermal stimuli can be used to reduce emotional ratings in various emotion categories? (Investigated in studies 1 and 2) RQ3: What effect does timing of thermal stimuli presentation have on the emotional perception of images? (Investigated in study 2) In the next two sections we review related work and provide an explanation of the equipment used for the two user studies. We then present our first user study procedure and results, followed by a description of our second user study and results. Finally we present a discussion of our findings and some conclusions.
RELATED WORK
The use of thermal stimulation in HCI to date can be divided into two broad areas; the first is concerned with thermal stimuli perception for use as a feedback channel and the other with the affective attributes of thermal stimuli.
Thermal Stimuli Perception
Thermal stimulus is made up of properties such as intensity, direction of change and rate of change, which all contribute to how it is perceived when presented to a user. Gray et al. [8] found that males and females have similar thermal stimuli thresholds when presented with different combinations of these thermal properties. Other factors shown to have the ability to affect thermal stimuli perception include external factors such as ambient temperature, humidity and clothing. With the presence of clothing Halvey et al. [13] , discovered that higher thermal stimuli intensities were needed for detection to take place. Halvey et al. [11] and results obtained by Wilson et al . [30] also showed that extreme ambient temperature and humidity conditions (humidity <30% and >90%) had a significant effect on thermal stimuli detection rate, time to detection, and subjective perceived comfort. The thermal stimuli properties used for the studies we conducted are discussed below.
Direction of Change
Thermal stimuli is bipolar; there is cooling and warming. According to Wilson et al. [32] both warming and cooling changes are suitable for use in thermal interface design. Salminem et al. [25] showed that warm stimuli on its own is able to evoke feelings of arousal and dominance in people. Kanosue et al. [16] and Sung et al. [26] also noted that stimuli polarity has the ability to affect subjective ratings of pleasantness, with warm stimuli activating portions of the brain related to emotive/affective processing. Although cold stimuli are faster to detect than warm stimuli [19] , they both remain perceivable and suitable for use in thermal interface design [19, 32] Thermal Stimuli Intensity Thermal stimuli intensity has been shown to be suitable for use in thermal feedback design within the range of 26ᵒC and 38ᵒC, and at different reasonably spaced intensities (ideally above 1°C spacing) [14, 32] . Distinct stimuli intensities within this range were found to be perceptually different [32] . When using thermal stimuli for media augmentation, there is a need to carefully regulate thermal stimuli intensity. According to Halvey et al. [10] if intensity is not properly regulated it can distract perceivers from the media being augmented.
Thermal Stimuli Rate of Change
Rate of change (ROC) refers to the speed at which the thermal stimuli source attains defined temperature intensities. Research has shown that ROC has a significant effect on thermal stimuli perception [17] . Faster ROCs have been demonstrated to be perceptually different from slower ROCs [15] . Halvey et al. [10] used ROCs of 1°C/s and 3°C/s and found that these rates of change had a significant effect on valence. According to Wilson et al. [32] a rate of change of 1°C/s is perceivable, but a ROC of 3°C/s has a better detection rate. This was supported by Halvey et al. [12] who recommended using a minimum rate of change of 3ᵒC/s in order to maximise perception when using thermal stimuli for continuous interaction.
Affective Component of Thermal Stimuli
The ability of thermal stimuli to evoke various emotional responses has been demonstrated in a number of user evaluations. Gooch et al. [8] showed that thermal stimuli increased feelings of social presence in remote interactions when embedded in a physical artefact. Wilson et al. [31] investigated how participants interpret different thermal stimuli parameters when used for interaction. They found that warm stimuli were generally associated with feelings of presence, activity and quality, while cool stimuli are associated with absence and poor quality.
Similar to the way audio enhancement has the capacity to influence emotional responses to media [28] , thermal stimuli has also been shown to have an influence on emotions both on its own and when used for media augmentation. Salminem et al. [25] when investigating the emotional effect of thermal stimulation in isolation, found that warm stimuli was rated to be significantly more arousing and dominant than cool stimuli. In contrast to previous suggestions that stimuli direction of change affects subjective ratings of comfort/pleasantness [16, 26] , Salminem et al. [25] discovered that it had little to no effect on ratings of pleasantness (valence) and approachability.
When used to augment media, thermal stimuli present interesting possibilities for enhancing interaction. Nakashige et al. [22] discovered that study participants perceived images of warm food to be delicious when accompanied with warm stimuli. However, the images and thermal stimuli combinations used were limited to very specific scenarios. Halvey et al. [10] investigated the possibility of using thermal stimuli to influence human emotional perception of images and music, they discovered that warm stimuli elevated feelings of arousal and valence. While this is a good indication of the affective possibilities of thermal stimuli, their study did not examine the effect of thermal stimuli on the full range of emotions that can be evoked by images. Akiyama et al. [1] found that dynamic thermal stimuli augmentation has the potential to enhance emotional experience while listening to music. Only one song was used in their study; therefore a larger study would be needed to determine the effect thermal stimulation has on music. More recently Lochtefeld et al. [21] found that ambient light and thermal stimuli augmentation significantly enhanced mobile media consumption experience on tablets. Although their findings help underline the affective possibilities that can be afforded by How Does It Look? Evaluating Visual Design #chi4good, CHI 2016, San Jose, CA, USA thermal stimulation, the images in the videos they augmented had no pre-identified emotional property.
The related work discussed above demonstrates that thermal stimuli are perceivable and possess the ability to influence emotions when used to augment media. However to the best of our knowledge no work has yet been carried out to identify the effect individual thermal stimuli parameters have on the emotional perception of pictures.. In this paper we combined thermal stimuli parameters, that have been demonstrated to be both perceivable and comfortable in previous studies [25, 29, 32] , with images from various emotional categories. For the remainder of the paper we use the term 'augmented image' to refer to images augmented with thermal stimuli.
EQUIPMENT
Custom-built two-channel peltier stimulators measuring 2cm 2 were used as the thermal stimuli source in each of the two user studies we conducted. Similar peltier stimulators have been used in previous studies investigating thermal stimuli perception [10, 29, 32] . Each peltier stimulator allows heating and cooling, and is connected to a Bluetooth microcontroller through which they are controlled. Both peltier stimulators allowed temperatures to be set anywhere within the range of -20°C to 45°C accurate to 0.1°C. For the two studies, images (1024 x 768 pixels) were presented on a laptop screen with 14" display, and ratings were collected electronically via rating scales displayed on the laptop screen. All participants used an external mouse attached to this laptop computer to provide ratings for each augmented image perceived (see Figure 1 for example setup). All studies were conducted in a quiet, private room. 
STUDY 1: THE EFFECT OF THERMAL STIMULI PARAMETERS ON THE EMOTIONAL PERCEPTION OF IMAGES
The aim of the first study was to investigate the effect different thermal stimuli combinations have on images with known emotional properties. The thermal stimuli parameters that were examined are: stimuli intensity, stimuli direction of change and stimuli rate of change.
All thermal stimuli combinations were presented to the thenar eminence (the bulbous part of the palm directly below the thumb) which has been demonstrated to be the optimal hand location for thermal perception [32] . Other factors that influenced the selection of a hand location for stimuli delivery are -the convenience of placing the hand on the stimuli source, and also the ease and safety of quickly removing the hand from the thermal stimuli source if participants feel the need to. Other papers have considered various body locations [12, 31] , however it is beyond the scope of this work. We already investigate a large number of variables and reserve the effect of body location for future work.
Each image augmented with thermal stimuli was rated on an emotion wheel [3] , and in three emotional dimensions; namely valence, arousal and dominance, using the selfassessment manikin (SAM) [4] rating scale (see Data Gathering Methods Section). Valence in the context of this study referred to the amount of pleasure/displeasure felt by a participant upon perceiving an image; arousal referred to the level of excitement/calmness, while dominance referred to how dominated or dominant participants felt upon perceiving an image. The IAPS library [20] was the source of images used in this study. This library contains emotionally stimulating images that have been used in several studies of emotion and attention [7, 24] . Each of the images contained in the library has ratings of valence, arousal, and dominance, which can be used to categorise the images into different emotion categories as illustrated in Figure 2 . For ethical reasons, erotic images contained in the original image library were omitted from this study. This followed the approach of Halvey et al. [10] . As part of our license agreement to use the IAPS collections we are prohibited from reproducing any image from the collection in this paper. As a result, replica images are used in this paper for illustration purposes (see Figure 2 ).
Thermal Stimuli Combinations
Thermal stimuli combination refers to the combination of thermal stimuli parameters used in this study. They are discussed below:
A neutral stimulus of 32°C: The skin of participants was adapted to this temperature prior to each thermal stimuli delivery following the approach of [10, 29, 32] . A value of 32°C was chosen because it lies well within the defined neutral zone for the skin, at which there is no discernible thermal sensation [12, 32] , and ensured thermal neutrality before the presentation of each thermal stimuli combination which in turn optimises perception [18] . Using a fixed neutral stimuli set point also provides us with a fixed point for measurement.
Two directions of change (warming and cooling):
Stimuli changed in two different directions from the neutral stimulus. There was negative change, which resulted in cooling, and positive change, which resulted in warming. 
Two stimuli intensities in multiples of
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Variables
This study had a total of 4 independent variables; direction of change, amount of change, image category and rate of change. 4 dependent variables (valence rating, arousal rating, dominance rating and emotion wheel rating) were analysed. Since the images used for the study already had valence, arousal and dominance ratings, the existing ratings of the images from the IAPS were compared with the ratings obtained from `our 2 user studies. This comparison generated valence difference, arousal difference and dominance difference dependent variables.
STUDY 1 RESULTS
As data was not normally distributed Friedman Tests and Wilcoxon Sign Rank Tests were used for analysis. Modal values were calculated for the emotion wheel variable. This follows the approach adopted by Beattie et al. [2] . Table 2 shows the impact of stimuli intensity. Friedman tests revealed a significant difference for arousal (X 2 (2) = 9.98, p=0.007), dominance (X 2 (2) = 16.90, p < 0.001) and the emotion wheel (X 2 (2) = 8.84, p = 0.012). This led to a pairwise comparison of the groups contained in each of these independent variables (p=0.0167 with a Bonferroni correction). For arousal, 3 degree changes made the images feel more arousing than when there was no change in temperature (z = -2.88, p=0.004). For dominance, 6°C changes in temperature made the images feel more dominant than when there was no change in temperature (z = -3.45, p = 0.001). For the emotion wheel, 3 degree changes made participants feel relaxed while no change had a calming effect on the perceivers (z=-3.32; p=0.001). 
Direction of Change
Groups
Rate of Change (ROC)
Pairwise comparisons revealed rate of change did not have a significant effect on valence, arousal, dominance and the emotion wheel. This is consistent with results reported by Halvey et al. [10] who used the same ROCs of 1ᵒC/s & 3ᵒC/s and mentioned that ROC had no significant effect on the emotional perception of images. Thus indicating the suitability of both ROC's for use in the design of interactive thermal interfaces.
Image Category
The image category variable is made up of 8 groups thus a Bonferroni correction was made for pairwise comparisons with p=0.0018. As expected, analysis of the valence, arousal and dominance dependent variables revealed that images in the different image emotion categories still maintained their distinct emotive properties after thermal stimuli augmentation, thus for reasons of space this analysis is not included.
We obtained the valence difference, arousal difference and dominance difference variables by subtracting the original ratings of each of the IAPS images from the ratings we obtained in this study after augmenting them with thermal stimuli. A Friedman test revealed a significant difference for valence difference (X 2 (7) = 1337, p < 0.001). All the image categories significantly differed from each other except categories 5&2, 8&2 and 8&5 (see Figure 3) . Analysis revealed that thermal stimuli increased feelings of pleasantness in image categories with low valence while reducing feelings of pleasantness in image categories with Analysis of the emotion wheel revealed a significant difference between all the groups (X 2 (7) = 197.3, p < 0.001). All the image categories significantly differed from each other except categories 3&2, 4&2, 5&2, 4&3, 5&3, 5&4, 6&5, 7&5, 8&5 and 8&7. Images from the low arousal, high valence category as well as neutral arousal, neutral valence categories were perceived as calm after thermal stimuli augmentation. Images in the high arousal/low valence category were perceived as sad, while neutral arousal/high valence images evoked excitement, as well as with high arousal/high valence images. Images with high arousal and low to neutral valence evoked fear. Comparisons between emotion wheel ratings for unaugmented and augmented images only showed a difference for category 3 images. Participants felt alarmed when viewing un-augmented category 3 images (low arousal, low valence) and sad after augmentation
Qualitative Results
Interviews were transcribed and analysed using thematic analysis [5] . Emergent themes were collapsed into the following main themes:
Effect of thermal stimuli on valence: Images augmented with thermal stimuli were considered by 24 participants to be more enjoyable (have higher valence) than images without any augmentation. Two participants stated, "I
really enjoyed viewing the images with thermal stimulation" (P21)."I enjoyed viewing the pictures with temperature more than when there was no temperature" (P25). Preferred Stimuli and Effect of thermal Stimuli on Arousal:
A majority (22 out of 27) of the participants noted that the preferred stimuli depended on the emotional property of the image being augmented. A participant stated that: "Preferred stimuli depended on context. Warm stimuli will be preferred for images communicating danger" (P14). When participants were able to establish a connection between an image and the thermal stimuli presented together with it, thermal stimuli either increased or decreased arousal. According to two participants "Images felt more interesting when augmented with thermal stimuli" (P05). "I prefer warm stimuli with exciting images and cool stimuli with calm images" (P04).
Stimuli Intensity and Attention:
High intensity stimuli made 18 out of 27 participants pay more attention to the image being augmented, and attach more meaning to it.
According to a participant "Thermal stimuli acted as a means of drawing my attention to the image, especially when I was starting to get bored" (P10). Another participant mentioned "Extreme temperatures when presented with images created the impression that I may be missing something in the image" (P06)
. This highlights the possibility of using the stimuli intensity variable to draw the attention of users.
STUDY 2: THE EFFECT OF THERMAL STIMULI PRESENTATION TECHNIQUE ON THE EMOTIONAL PERCEPTION OF IMAGES
The aim of this second study was to determine the effect thermal stimuli presentation techniques has on its emotional perception. Thermal stimuli combinations found to be effective in influencing emotions in study 1 were used for study 2. Previous work investigating the effect of presentation technique on media has demonstrated their ability to influence affect in limited instances with music [1, 10] . Akiyama et al. [1] showed that music augmented with dynamic thermal stimuli had the potential to enhance emotional experiences. While Halvey et al. [10] found that pulsing thermal stimuli increased feelings of arousal in music. However, this study to the best of our knowledge is the very first to investigate the effect of the timing of thermal stimuli presentation on the emotional perception of images.
Thermal Stimuli Presentation Techniques
The same thermal stimuli combinations used in study 1 were also used in this study. Since 1ᵒC/s and 3ᵒC/s rates of change were revealed to be perceptually similar in study 1, we decided to use a single ROC of 3ᵒC/s in this second study. Four different thermal stimuli presentation techniques were used in this study (see Figure 4) . All the presentation techniques followed a similar pattern. Presentation began with a pre-image phase, followed by an image display phase, and ended with a post-image display How Does It Look? Evaluating Visual Design #chi4good, CHI 2016, San Jose, CA, USA phase. After this rating scales (SAM & emotion wheel) were presented on screen for participants to provide ratings of how the combinations made them feel.
Figure 4: Presentation techniques and timings
Pre-image Phase: In this phase thermal stimuli was presented on its own for 3 seconds immediately before an image appeared on screen.
Image Display Phase:
Here an image was presented on screen for 6 sec. Thermal stimuli presentation for this phase was divided into two halves; the first 3 seconds of image display and the last 3 seconds of image display.
Post-image Phase:
In this phase a thermal stimuli combination was presented for 3 seconds immediately after an image disappears from screen.
A 3 seconds time division was chosen because it takes at least 2 seconds for the highest intensity stimuli (26°C & 38°C with an ROC of 3°C/s) to reach its target temperature from neutral.
Technique 1 (T1):
Here a thermal stimuli combination (26°C/29°C/35°C/38°C) was presented during the preimage phase, while the neutral stimuli (32°C) was presented during the entire 6 seconds image display phase and postimage display phase.
Technique 2 (T2):
This involved presenting the neutral stimuli during pre-image, a thermal stimuli combination (26°C/29°C/35°C/38°C) during the first 3 seconds of image display, and neutral stimuli during the last 3 seconds of image display and 3 seconds of post-image display.
Technique 3 (T3):
In this presentation style, the neutral stimulus was presented during pre-image phase, the first 3 seconds of image display and post-image display, while a thermal stimuli combination (26°C/29°C/35°C/38°C) was presented in the last 3 seconds of image display.
Technique 4 (T4):
In this presentation style, a neutral stimulus was presented during pre-image and entire 6 seconds of image display phase, while 4 different thermal combinations (26°C/29°C/35°C/38°C) were presented one at a time during the 3 seconds of post-image phase.
There was a control condition in which neutral stimuli was presented during pre-image, image display and post-image phases. Each presentation technique (1, 2, 3, and 4) produced a total of 4 presentation combinations, while the control condition had 1 presentation combination. Each presentation combination was randomly selected and combined with an image from each image emotion category. This gave a total of 136 augmented images (32 from each presentation technique and 8 from the control condition).
Image Presentation
Selection of augmented images in the 4 presentation techniques and control group was randomised. Augmented images were presented to participants in 4 sets of 34 images each, giving a total of 136 augmented images presented to participants. Perception and evaluation of images in each set lasted for approximately 24 minutes. Dividing images into sets was to allow time for participants to take short breaks between sets. Breaks in between sets lasted for 2 minutes, and the entire study lasted approximately 2 hours.
Data Gathering
Data collection followed the same pattern used in study 1. Participants were allotted 15 seconds to provide valence, arousal and dominance ratings on SAM and another 15 seconds to provide ratings on the emotion wheel. At the beginning of the rating phase, thermal stimuli returned back to neutral for adaptation to occur. Participants were interviewed at the end of the study. The interview questions were as follows: 
Variables
This study had a total of 4 independent variables; direction of change, amount of change, image category and presentation technique. Dependent variables were valence, arousal, dominance and emotion wheel ratings. As in study 1, valence difference, arousal difference and dominance difference were also analysed for the image category independent variable.
STUDY 2 RESULTS
As data was not normally distributed Friedman Tests and Wilcoxon Sign Rank Tests were used for analysis. This independent variable is made up of eight (8) groups, thus a Bonferroni correction was made for pairwise comparisons with p=0.0018. As expected, there was a significant difference between the different groups, because the images were grouped based on their inherent emotional properties. A Friedman test revealed a significant difference for valence difference (X 2 (7) = 1994.97, p < 0.001). All the emotion categories significantly differed from each other except category 8 and 5 (see Figure 5) . This is consistent with what was found in study 1. Thermal stimuli augmentation increased feelings of valence in low and neutral valence images, while reducing valence in high valence images. A Friedman test for arousal difference showed a significant difference (X 2 (7) = 1401.87, p < 0.001) for all image categories except categories 7&6 and 5&3. As in study 1, thermal stimuli augmentation was shown to increase feelings of arousal in low and neutral arousal images, while reducing arousal in high arousal images. The only exception to this was images from the neutral arousal/high valence category, which had reduced arousal ratings and images from high arousal/neutral valence, which had increased arousal ratings. A Friedman test also showed a significant difference for dominance difference (X 2 (7) = 116.21, p < 0.001). All image categories significantly differed from each other except categories 4&1, 5&1, 3&2, 8&2, 4&3, 5&3, 8&3, 5&4, 8&4, 8&5 and 7&6 (see Figure  5 ). As found in study 1, thermal stimuli also increased dominance ratings across all image categories in study 2.
For the emotion wheel (X 2 (7) = 495.36, p < 0.001), all image emotion categories significantly differed from each other except for categories 2&1, 5&3, 5&6 and 5&7. As with study 1, images with low arousal and neutral to high valence were perceived as calm after thermal stimuli augmentation. Images with neutral arousal/low valence were perceived as sad, while neutral to high arousal and high valence images evoked excitement. Images with high arousal and low to neutral valence were perceived as alarming. Comparisons between emotion wheel ratings for un-augmented and augmented images only showed a difference for images in categories 1, 2 and 3. Participants felt tired when viewing un-augmented category 1 images (low arousal, low valence) and calm after augmentation; relaxed when viewing un-augmented category 2 (low arousal, high valence) images and calm after augmentation; alarmed when viewing un-augmented category 3 images (neutral arousal high valence), and sad after augmentation.
Analysis of Presentation Techniques
A Friedman test revealed no statistically significant difference between the 4 presentation techniques used in this study, and the effect thermal stimuli parameters had on the 4 presentation techniques combined. Results showed that all the presentation techniques were perceived to have similar effect on the emotional perception of images. Analysis of individual presentation techniques however showed slight differences in the effect thermal stimuli parameters had on the emotional perception of the images we presented.
Effect of Direction of Change on individual Presentation Techniques
In presentation technique 1, a Wilcoxon test showed a significant difference for direction of change for the emotion wheel (z=-2.1, p = 0.034). Warming temperatures were perceived to be alarming, while cooling temperatures were perceived to be calming. Direction of change had no statistically significant effect for techniques 2, 3 and 4.
Effect of Amount of change on Presentation Technique
Analysis of temperature amount of change showed no significant difference for ratings of valence, arousal, dominance and the emotion wheel. This result is different to what was found in study 1, where amount of change was found to have a significant effect. This could have been as a result of the short 3 seconds multiple thermal stimuli presentation phases used in study 2, compared to the 6 seconds single presentation phase used in study 1. Therefore, determining the effects duration of thermal stimuli presentation has on the emotional perception of images is an important factor to be investigated in future work.
Effect of Individual Presentation Techniques on Gender
Some differences based on gender were noted in the results, so we investigated this in more detail. A Wilcoxon test of data for T1 showed a significant gender difference for valence (z=-2.067, p=0.039), arousal (z=-3.709, p<0.001) and the emotion wheel (z=-2.160, p=0.031). Images augmented with T1 were rated to be more pleasant by females than males, while males perceived the images to be more arousing than females. Females perceived images augmented with T4 as calm, while males perceived them as alarming. Wilcoxon test showed a significant difference for arousal in T2 (z=-3.352, p<0.001). Males perceived images in all emotion categories to be more arousing than females. For images augmented with T3, Wilcoxon test showed a significant difference for valence (z=-2.342, p=0.019), arousal (z=-3.723, p<0.001) and the emotion wheel (z=-2.084, p=0.037). Females rated images augmented with T3 to be more pleasant than males, while males rated these images to be more arousing than females. T3 had a calming effect on females and had an alarming effect on males. Analysis of T4 showed a significant difference for arousal (z=-3.208, p<0.001) and the emotion wheel (z=-2.298, p<0.022). Males perceived images in all categories to be more arousing than females. Females perceived images augmented with T4 as calm, while males perceived them as alarming.
Qualitative Results
Thematic analysis [5] was again used for analysis in the second evaluation. Emergent themes were collapsed into the following main themes:
Pre-image stimuli presentation (T1): 17 out of the 21 participants stated that pre-image stimuli did have an effect on how they perceived the images. According to interview data, it created anticipation for the image to be displayed. A participant had the following comment: "Pre-image stimuli had the highest effect. It kind of gave an expectation for the image to be displayed, like you know when you're watching a movie and the soundtrack gives anticipation" (P23). Warm stimuli were interpreted as preparing the participants for a low valence image, while cool stimuli were interpreted as preparing the participant for a high valence image. Two participants described it as follows: "I generally associated very warm stimuli before an image to mean the image to be displayed will be bad" (P3). "Cool stimuli created anticipation for nice images and increased how pleasant they felt when they were presented" (P21).
Stimuli presentation during image display (T2 & T3):
According to 10 out of 21 participants, T2 and T3 enhanced the original emotion being conveyed by the image when they were able to establish a connection between thermal stimuli augmentation and the images displayed (i.e. warm stimuli with warm themed images and cool stimuli with cool themed images). A participant described it as follows: "I saw a snake together with normal temperature and felt it was a normal tropical snake, then the temperature suddenly went down and it gave the impression that the snake was about to strike" (P13). 5 out of 21 participants found extreme warming and cooling temperatures (26°C and 38°C) presented during T2 and T3 reduced how pleasant and arousing they perceived the image. "Sometimes I saw an image and felt a certain way about the image, but then the temperature would get really warm and it would annoy me, because it was too warm" (P12)
Post-image stimuli presentation (T4): According to interview results, post image stimuli had little to no effect on the emotional perception of the images. Only 4 of the participants reported T4 as having an effect on how they felt. A participant reported this effect was a negative effect, while the others mentioned that it changed their opinion about the image they had already had a chance to see. "It changed my perception about the image negatively and made me unsure of what to feel" (P15). "A war picture followed by warm temperature just before providing ratings made me want to get involved" (P16).
Gender Difference
Previous research has shown that males and females have similar thermal stimuli thresholds when presented with different thermal stimuli combinations [9] . In addition Sabatinelli et al. [24] found that males and females have similar emotional reactions to the affective images we used in studies 1 and 2. However as a result of some small differences noted between genders for the presentation techniques in study 2, we reanalysed data from studies 1 and 2 based on gender. A Wilcoxon test revealed a significant difference between males and females for dominance (see Table 3 ) in study 1. Augmented images made female participants feel more dominant than males (z= =-4.08, p < 0.001). Gender had no statistical significant on valence, arousal and the emotion wheel. For study 2 a Wilcoxon pairwise comparison of the male and female groups revealed a significant difference for arousal (z=-7.156, p < 0.001). Males rated images in all image categories to be more arousing than females (see Table 4 ). No significant difference was found for valence, dominance and the emotion wheel.
Overall this difference in gender is an interesting but inconclusive observation. Since previous work [9, 24] indicated that there are no gender differences for thermal stimulation our studies were not designed to investigate gender differences. Thus we are unable to make any definitive conclusions. Gender differences regarding the emotional perception of augmented images may need to be investigated further in future work. arousal for images in the low valence and neutral to low arousal emotion categories. This was in a large part due to the effect of direction of change and thermal stimuli intensity. Results revealed that images presented with warm stimuli intensities (3°C changes) were perceived to be significantly more arousing than when there was no augmentation. Participants rated 3°C changes as relaxing on the emotion wheel, while no change in temperature had a calming effect. Qualitative results also revealed that cool stimuli helped reduce how negative images with low valence felt. As a result, in the design of affective thermal interfaces, our results suggest cooling temperatures will be best suited for increasing how pleasant images classified to have low valence are perceived, while warm 3°C changes will be effective in making images feel more arousing. [25] found that warm stimuli presented in isolation significantly increased feelings of dominance. Results from studies 1 and 2 showed that thermal stimuli when used to augment images still maintained its ability to increase dominance. The dominance ratings recorded for augmented images were significantly higher than the dominance ratings recorded for the images without any thermal stimuli augmentation. Thus when designing thermal interfaces, 6ᵒC intensity changes from a neutral point of 32ᵒC can be used to increase feelings of dominance in images across all emotion categories. These stimuli intensities can be warming or cooling with ROC's of 1ᵒC/s or 3ᵒC/s.
Pre-image stimuli (T1) generate anticipation for the image to be presented (Addressing RQ3):
Based on the qualitative results, pre-image stimuli generated anticipation for the image that shows up afterwards, with most people interpreting the presence of cool stimuli to mean a high valence image will be displayed, while warm stimuli was attached to low valence images. These findings were supported by results obtained from the emotion wheel, which showed that during the pre-image phase, warming temperatures were perceived to be alarming, while cooling temperatures were perceived to be calming.
Simultaneous presentation of thermal stimuli with an image (T2 & T3) enhances the emotion the image is capable of evoking (Addressing RQ3):
Qualitative results showed that participants perceived that presentation techniques 1 and 2 enhanced the emotions the images are able to evoke. This finding was however not supported by the quantitative data. This shows the advantage of using mixed data gathering techniques to obtain subjective emotive feedback. According to these qualitative results, presentation techniques 2 and 3 can be used by designers to enhance the inherent emotional property of the image been presented. For this to be effective, content of images may need to be matched with the specific thermal stimuli properties, i.e. warm stimuli intensities with warm themed images and cool stimuli intensities with cool themed images.
The results we obtained have extensive potential applications in media. Augmenting motion pictures with thermal stimuli has the potential to allow movie producers enhance or reduce affect in movies as well as create a more immersive movie experience. Allowing people to choose different temperatures that should be presented with photos posted on social media or sent to personal contacts, can allow individuals to communicate more affect through images. With the increasing popularity of media consumption on mobile devices, augmenting images viewed on smaller-screened devices has the potential to create a more affective media viewing experience. This is consistent with findings reported by Lochtefeld et al. [20] that showed thermal augmentation of media on a tablet contributed to enriching the user experience of mobile media consumption. Thermal augmentation could also provide an avenue for designers to communicate more affect information or enhance specific emotions in artefacts displayed in museums or art galleries.
CONCLUSION
This paper has presented a detailed investigation of the emotional responses different thermal properties can elicit in images. We also presented the first known investigation of the effect different presentation techniques have on the emotional perception of images. We found that low valence (unpleasant) images can be made more negative by augmenting them with warming thermal intensities or less negative by augmenting them with cooling intensities. Depending on the timing of thermal stimuli presentation, thermal stimuli presentation technique tends to either create anticipation in a perceiver or enhance/reduce affect in the images being augmented. These findings have the potential to enable designers to have more control over the emotions that can be evoked by images viewed on devices currently not optimised for high levels of user engagement.
